Abstract. Siregar M, Helmanto H, Rakhmawati SU. 2019. Vegetation analysis of tree communities at some forest patches in North Sulawesi,. Deforestation has caused a decline in forest area in Indonesia. Now natural forests is left in the conservation areas while those outside conservation areas are narrow and fragmented. This study aims to analyze forest vegetation and conservation status of the species of trees in some forest patches in North Sulawesi. Diversity, structure and type of tree communities at five forest patches, namely in the villages of Bukaka, Garini and Lambak in East Bolaang Mongondow District, and Soyowan and Basaan villages in Southeast Minahasa District, North Sulawesi Province were studied using a point center quarter method. The total number of tree species (dbh ≥ 10 cm) across five patches is 84 species. The highest number of species is in Garini (37 species), followed by Lambak (25 species), Soyowan (19 species), Bukaka (10 species) and Basaan (7 species). The species diversity index also shows the same pattern with such species richness, but the dominance index demonstrates opposite trend. The highest evenness index (E) is found in Bukaka (E = 0.9524), followed by Soyowan (E = 0.9061), Garini (E = 0.7873), Basaan (E = 0.7809) and Lambak (E = 0.7099). The most important tree species based on the Species Important Value (SIV) in Bukaka is Ficus sp. (SIV = 52.17), in Garini is Octomeles sumatrana (SIV = 25.73), in Lambak is Boehmeria cylindrica (SIV = 65.03), both in Basaan and Soyowan is Dracontomelon dao with SIV of 96.87 and 46.46 respectively. The beta diversity analyzed based on species similarity index of Jaccard and Whittaker 's index shows a relatively large change in species composition from one location to another. The family of Moraceae, Malvaceae, Anacardiaceae, Annonaceae and Lauraceae are listed as the widest family with a relatively high population. The highest tree density is found in Bukaka (721 trees The results of Cluster analysis using data of species abundance indicate that the five research locations tend to form two types of tree communities. The first community consists of Garini, Soyowan, Lambak and Bukaka, while the second community is represented only by Basaan.
INTRODUCTION
Twenty years ago (April 20, 1999) at a meeting of the World Commission on Forests and Sustainable Development, it was realized that the world's forests had been exploited to the point of crisis, and there were many changes in the function of the area which had previously been closed to mining, industrial, agriculture, plantations and settlements. In Borneo, the industrial sector of oil palm and timber plantations is the biggest cause of deforestation. In 2001-2017, forest area fell by 14% (6.04 million ha), including 3.06 million ha of forest, which was eventually converted to industrial plantations (Gaveau et al. 2018 ). In 1973 -2015 period an estimated 18.7 million ha of Borneo's old-growth forest were cleared. Industrial plantations (oil-palm and pulpwood) expanded by 9.1 million ha. Approximately 7.0 million ha (76.1 %) of the total plantation area in 2015 was old-growth forest in 1973, of which 4.5-4.8 million ha (24-26% of Borneo-wide deforestation) were planted within five years of forest clearance (Gaveau et al. 2016) . It is not surprising that the total forest area in Indonesia continues to decline from year to year. Hansen et al. (2013) released a figure of more than 20,000 km 2 (2 million ha) of Indonesian forests lost during the period 2011-2012, an increase compared to the 2000-2003 period of less than 10,000 km 2 (1 million ha). Other data was submitted by Forest Watch Indonesia (2011) which states that Indonesia lost 15.16 million hectares of forest with a deforestation rate reaching 1.51 million hectares per year during the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . The latest data based on the calculation of the Directorate General of Planology, Indonesia's deforestation rate for the 2014-2015 period amounted to 1.09 million hectares and decreased in the 2015-2016 period to 0.63 million hectares. But the definition of deforestation is still a debate at the international level, because it impacts on the calculation of deforestation (Arumingtyas 2018) . Now natural forests are left in the conservation areas while those outside conservation areas are narrow and fragmented. Patches of forest outside conservation areas are generally found in other designation areas that have not been utilized, in customary forests and in areas that are intentionally conserved by communities as source of water, and have sacred values and other ecological benefits. Forest cover in Indonesia in 2016 was 89,848,200 hectares, consisting of primary forest (46,020,600 ha) and secondary forest (43,827,600 ha). As much as 92.7% are located in forest estate (Kawasan Hutan) either as production forests, limited production forests, watershed protection forests and conservation areas (e.g. national park, wildlife reserve) while the rest (7.3%) is located in nonforest estate land (Area Penggunaan Lain/APL) (Ministry of Environment and Forestry 2016) .
Sulawesi is one of the fastest growing islands, especially in mining and agricultural sectors. Consequently, the island ranks third after Kalimantan and Sumatra in terms of deforestation rates. The latest data published by the Ministry of Environment and Forestry (2016) shows that deforestation in Sulawesi in 2015-2016 reached 85,414.6 ha, increasing 50% from 2014-2015 which was 56,940.3 ha. The largest deforestation occurred in conservation areas which reached 64,406.4 ha (75.4%) while the rest (24.6%) is in the other designation areas. Viewed from forest condition, the largest deforestation occurred in secondary forest which reached 67,497.5 ha (79.02%), while in primary forest it was 17,917.1 ha (20.98%). Primary forest cover in Sulawesi in 2016 was left with 3,892,900 ha, while secondary forest was 5,328,300 ha.
North Sulawesi is the province in Sulawesi with the least forest cover with only 555,300 ha, covering 243,000 ha of primary forest and 312,300 ha of secondary forest. Among those forest cover, 507,800 ha is inside conservation areas and the remaining of 47,500 in the other designation areas. Nonetheless, the extent of deforestation in this region is quite worrying. In 2015-2016 deforestation in North Sulawesi was recorded at 2,352.5 ha, an increase of 1,307.6 ha (125.1%) compared to deforestation in 2014-2015. The largest deforestation occurred in conservation areas which reached 1,838.5 ha (78.2%), while in the other designation areas it was 514 ha (21.8%). Deforestation in secondary forests reached 1,584.6 ha (67.4%), while in primary forest 768 ha (32.6%).
Forest cover that tends to decrease does not only reduce the biodiversity level, but also affects global climate and other natural disasters. Forest patches outside conservation areas are among those that are particularly vulnerable to degradation and deforestation, especially in the other designation areas and forests that are not protected by customary/local laws. In North Sulawesi, forest patches in a small area (<10ha) are common. Usually, it is located in the middle of a stretch of people's gardens, the banks of rivers and lakes, small hills and on the sidelines or valley of hills as a gallery forest.
In order to determine the condition of stands including species diversity, structure and type of community, an analysis of tree vegetation in several forest patches found in East Bolaang Mongondow and Southeast Minahasa Districts, North Sulawesi Province was carried out. This vegetation data is very important as a basis for the use and conservation of biodiversity and other natural resources .
MATERIALS AND METHODS

Study site
The study was conducted from July 26 to August 14, 2017 in natural forest areas including Kotabunan (Kalangi et al. 2009 ).
Vegetation sampling
The study was conducted using point center quarter method (Mueller-Dombois and Ellenberg 1974) . A total of 42 points were sampled from five locations, respectively: Garini 20 points, Lambak 10 points, Soyowan 6 points, Bukaka 3 points and Basaan 3 points. Sampling was stopped if straight direction of the transect no longer found individual trees or was only covered with shrubs or mixed gardens. In Garini, sampling started from the edge of the forest towards the Garini waterfall. The X axis at each site 
Data analysis
Density and dominance of tree species at each location were calculated following the Mueller-Dombois and Ellenberg (1974) method. The absolute density (Dab) in each location was calculated using the formula: Dab = 100/(Dav) 2 , where Dab is absolute density or Density/100 m 2 , while Dav is the average distance of the entire tree to the center of the quadrant. The dominance or basal area absolute (Bab) was obtained from the multiplication of the average value of the basal area of the entire tree with the number of trees in one location.
Tree density level of each species (Di) in each location was calculated using the formula: Di = (Di/q) x Dab, where (Di/q) is the number of species i divided by the number of quadrants in one location. The dominance or basal area of each species (Bi) in each location is calculated by the formula Bi = Davi x Dab, where Davi is the average distance of species i to the center point of the quadrant.
Level of importance of species in each location was calculated based on the species importance value (SIV) which is the aggregation of relative values of frequency, density and dominance. Frequency is the percentage of the number of points where a species found. Level of importance of family in each location was calculated using the method by Mori et al. (1983) based on the family importance value (FIV) which is aggregation of relative values of the number of species, density and dominance of each family.
Alpha diversity was analyzed based on ShannonWiener diversity index (H`), evenness index (E) and dominance index (D), while beta diversity was assessed based on similarity index of Jaccard (ISj) and beta diversity index (Whittaker's index). Community type was determined based on the results of cluster analysis based on species abundance in each location. All of these analyzes used PAST software program (paleontological Statistics) version 3:04 (Hammer 2014) .
RESULTS AND DISCUSSION
Diversity
Results of sampling data in five research locations show that there were 84 species of trees (dbh ≥ 10 cm) belong to 59 genera and 35 families. The highest number of species was found in Garini (37 species), followed by Lambak (25 species), Soyowan (19 species), Bukaka (10 species) and Basaan (7 species). The Shannon-Wiener diversity index (H`) in each location also shows the same pattern. The highest value is in Garini (H` = 3.3720) which belongs to high category, followed by Lambak (H` = 2.8760), Soyowan (H` = 2.8460), Bukaka (H` = 2.2540), and Basaan (H` = 1.6990) which categorized as medium. On the contrary, the highest dominance index is found in Basaan (D = 0.2362), followed by Bukaka (D = 0.1111), Lambak (D = 0.0875), Soyowan (D = 0.0660) and Garini (D = 0.0431). In term of species evenness index (E), the highest value is found in Bukaka (E = 0.9524), followed by Soyowan (E = 0.9061), Garini (E = 0.7873), Basaan (E = 0.7809) and Lambak (E = 0.7099) (Figure 3) .
The high dominance index in Basaan is mainly due to the abundance of Streblus ilicifolius with relative density of 41.7%. Together with Dracontomelon dao, they dominate 58.3% of tree population in Basaan. In Garini, two most abundant species are Oreocnide integrifolia and Myristica elliptica which dominate the population of 17.5%. Two most abundant species in Lambak are Boehmeria cylindrica and Cratoxylum sumatranum which control 35.0% of the tree population. Bukaka is dominated by Syzygium leucocladum and Ficus sp. which controls 33.3% of the tree population, while in Soyowan it is dominated by D. dao and Pterospermum javanicum which controls 25.0% of the tree population.
The important species based on species importance value (SIV) in each location can be seen in Beta diversity based on the species similarity index across locations also has relatively low value. The highest similarity index (IS Jaccard) is shown between Garini and Soyowan (ISj = 0.1200), followed by Lambak-Soyowan (ISj = 0.1000), Bukaka-Soyowan (ISj = 0.0741), GariniLambak (ISj = 0.0690), Soyowan-Basaan (ISj = 0400), Lambak-Basaan (ISj = 0.0323), Lambak-Bukaka (ISj = 0.0294), Garini-Basaan (ISj = 0.0233) and Garini-Bukaka (ISj = 0.0217). Basaan and Bukaka have no similarities at all (ISj = 0). To put into perspective, Mueller-Dombois and Ellenberg (1974) state that Jaccard similarity index above 50% (0.50) are considered as very large.
The result of beta diversity index based on Whittaker's index shows that changes in species composition from one location to another are also relatively high, indicated by the value of index that closes to one ( Table 2 ). Locations that are relatively similar is between Garini and Soyowan, yet the index is still relatively large (0.7857). Beta diversity index value ranges from 0 to 1. The value of 0 means the minimum beta diversity, where there is no change in species composition from location 1 to location 2. On the contrary, the value of 1, or maximum beta diversity, means that species composition from location 1 to location 2 is totally different (Tothmeresz 2013 ). The average basal area per tree is also the largest in Garini (0.1833 m 2 ), but Soyowan ranks second (0.1535 m 2 ), then Basaan (0.1177 m 2 ), Lambak (0.0638 m 2 ) and Bukaka (0.0291 m 2 ). These results suggest that tree density in Garini is relatively low, but the trees in there have larger average dbh (40.6 cm). Similar result is also found at Soyowan. In contrast, tree density in Bukaka is high, but the average dbh is smaller (18.1 cm). The average dbh in Basaan is 30.8 cm, whereas in Lambak is 26.1 cm.
The distribution of dbh classes in five research locations resembles a letter `J` inverted shape. Trees are abundant in small dbh classes and the number of individuals is reduced in larger dbh classes. The shape of this curve is the characteristic of tropical forests (Hartshon 1980 , Proctor et al. 1983 , Whitmore 1986 Abdulhadi et al. 1991 , Kartawinata et al. 2004 , Aigbe and Omokhua 2014 , implying that tree regeneration going well (Priatna et al. 2006 , Suwardi et al. 2013 . Bukaka seems to only be inhabited by small trees with dbh less than 30 cm. On the other hand, Soyowan is dominated by large trees with trees dbh above 40 cm comprise 46% of stands, while medium trees (dbh 20-40 cm) slightly decrease comprising 33%, and trees with dbh 10-20 cm only comprise 21% of stands. A similar pattern is also found in Garini which shows abundant number of trees in large dbh (dbh> 40 cm) and medium (dbh 20-40 cm) which is 36% each, while trees with small dbh (dbh 10-20 cm) comprise of 28%. Lambak forest is generally dominated by medium-sized trees (dbh 20-40 cm), which is as much as 50%, whereas in Basaan the trees dbh classes are in balance with medium (dbh 20-40 cm) and small (dbh 10-20 cm) comprise 42% of stands (Figure 4) .
The biggest tree in Garini is Croton sp. with 108 cm in dbh. Other species that have dbh of more than 90 cm are O. sumatrana, Barringtonia racemosa, Horsfieldia costulata and C. odorata. The largest tree in Soyowan is Dictyoneura acuminata with dbh of 75.0 cm and Thottea tomentosa with dbh of 73.0 cm. In Basaan, the largest tree is D. dao with dbh of 98.0 cm. Other species generally have dbh no more than 60 cm. The largest tree found in Lambak is even smaller, only Falcataria moluccana which has 68.0 cm dbh, even in Bukaka the largest is only 28.6 cm owned by L. dilleniifolia.
The vertical structure of the forest analyzed based on tree height generally shows the highest density in canopy height classes of 10.0-19.9 m. This pattern is found in Bukaka, Garini, Lambak and Basaan, while in Soyowan the highest density is found in the high canopy class 20.0-29.9 m ( Figure 5) . 
Community type
The results of cluster analysis presented in the form of dendrogram show that the five research locations tend to form two types of communities with a distance of 55 ( Figure 6 ). The first community consists of Garini, Soyowan, Lambak and Bukaka, while the second community is represented only by Basaan. Based on the variation of composition of stands in across locations, it is likely that differentiator species in Basaan is S. ilicifolius which has an abundance of 183 trees ha -1 and is not found in the other locations. Other species are Bixa orellana, Ficus tinctoria, F. trichopoda with a smaller density of 37 trees ha -1 . Two relatively similar locations are Garini and Soyowan which form group at a distance of 28. 
Discussion
In regard to the altitude which ranges between of 22 and 625 m asl., the forest in the research locations is classified as lowland tropical forest while referring to the criteria of vegetation type by , such forest belongs to dry lowland vegetation group. As there is no dominance of Dipterocarpaceae family as found in Kalimantan and Sumatra (Riswan 1987 , Yusuf 2003 , Priatna et al. 2006 , therefore the forest in the study sites can be inferred as non-dipterocarp lowland forest group. The only species of Dipterocarpaceae recorded is Parashorea malaanonan, which is in Garini with dbh of 30 cm and height of 15 m.
Species variations in five research sites are quite high, as can be seen from the small similarity index (IS Jaccard) and the beta diversity index (Whittaker's index) which close to one. Nonetheless, the forests in Garini, Soyowan, Lambak and Bukaka indicate under the same community type groups since the cluster analysis demonstrates to form a distinct group at a distance 55 that is different from Basaan ( Figure 6 ). Environmental factors especially climate (e.g. temperature and humidity) and soil greatly affect the structure, species composition and distribution of vegetation geography (Tilman 1988; Pausas and Carreras 1995; Pausas and Austin 2001; . Grubb (1987) found a positive relationship between tree species richness and soil fertility, but in another study Wright (1992) stated that soil fertility only affects the composition of herbaceous species and not on trees. Pausas and Carreras (1995) found that bedrock types influence the composition of understorey species in pine forests. Various research results also report that rainfall factors greatly affect species richness and composition of vegetation (Richerson and Lum 1980; Knight et al. 1982; Gentry 1988; Wright 1992; O'Brien 1993) .
Rainfall factors at the study site may be negligible considering that two closest climate stations show relatively not much different measures (Figure 2 ). Habitat factors, especially soil and geology, might be the most influential on species composition in each study site. The geology in Garini, Soyowan, Lambak and Bukaka consists of Bilungala volcanic rock formations which are dominated by intermediate to acidic igneous (bright), while in Basaan it consists of Ratatotok limestone formation (Kalangi et al. 2009 ). The karst area (as found in Basaan) is a complex type of habitat with a thin layer of soil where plants can reach rocks that grow through rock slits (Toure and Ge 2014) . Water holding capacity and soil fertility tend to be low with nickel, magnesium and other metals contained which can be toxic to plants, so the vegetation tends to be sparse or stunted and contains different species of other substrates (Corlett 2005) .
On the map published by Kalangi et al. (2009) , Soyowan is still included in the Ratatotok limestone formation, but the physical appearance in the field shows similarities with Garini, Lambak and Bukaka. Prominent limestone in Soyowan is rarely present as is the case in Basaan. There is a possibility that Soyowan is a transition from Bilungala volcano rock formations and the Ratatotok limestone. In addition, Soyowan forest is located in a valley area flanked by two hills covered with vegetation of shrubs and people's gardens. In parts of the valley generally, sedimentation rate and water content in the soil tend to be higher than in the slope (Siregar 2017) . Basaan is a small hill that consists of limestone appearing on the surface of the ground and the edges of steep cliffs with thin soil layer. This difference in habitat characteristics is likely to have caused the composition of species in Basaan to be very different from other locations (Pausas and Carreras 1995; Corlett 2005) .
Results of cluster analysis show that at a distance of 40 Bukaka forests demonstrate different community types with Garini, Soyowan and Lambak (Figure 6 ). It is not known exactly what causes the species in Bukaka to be different from other locations, even with nearby Garini. The only species recorded in Bukaka forest which are also found in Garini, Lambak and Soyowan is C. odorata. The striking difference in Bukaka is likely the higher level of interference. Presumably, this disturbance factor also plays a role in influencing species composition due to the number of tree species being cut. It's location on the side of the road and in vicinity of people's gardens and shrubs causes Bukaka forest to be susceptible to human disturbances. The trees appear to be in young stage as shown in stem diameter distribution (Figure 4 ) and the tree height ( Figure  5 ). The forest in Bukaka is recorded to have the highest density (721 trees ha -1 ), but the total basal area is the lowest (20.98 m 2 ha -1 ) with the smallest average dbh (18.1 cm). The presence of Piper aduncum as a pioneer species that often grows in disturbed forests, on the edges of forests or open spaces (Global Invasive Species Database 2018) further strengthens this assumption.
Based on the phytogeographic zone, Indonesia, Brunei Darussalam, Philippines, Malaysia, Papua New Guinea, Singapore and Timor Leste including the Malesia region which has a distinctive flora that is different from the surrounding region. The Malesia region is divided into three phytogeographic provinces, namely (i) West Malesia, which includes the Malay Peninsula, Sumatra, Borneo and Philippines, (ii) East Malesia which includes Sulawesi, Maluku and Papua, and 3) Southern Malesia, which includes Java, Madura, Bali, Nusa Tenggara and Timor Leste. Sulawesi is also known as the Wallace region which is the boundary between East Malesia and West Malesia . Eastern Malesia zone generally contains fewer species, and its structure is not as complex as vegetation in the West Malesia region such as Kalimantan and Sumatra. Lowland dipterocarp forests in western Malesia have generally main canopy layer at a height of 30-45m with emergent trees up to 60 m tall . The more complex vegetation structure has created an environment suitable for the growth of various species of plants (Whitmore 1986 . In one hectare, hundreds of tree species with dbh > 10cm can be found in various forest plots in Kalimantan and Sumatra (Riswan 1987; Abdulhadi et al. 1989; Kartawinata et al. 2004; Sambas and Siregar 2004; Simbolon et al. 2005; ). The highest tree species richness in Kalimantan was recorded in lowland forest in Malinau, East Kalimantan which contains 205 tree species in one hectare (Sheil et al. 2010) .In Sumatra, the highest tree species richness was recorded in Batang Gadis National Park, North Sumatra with 184 tree species in one hectare (Kartawinata et al. 2004) . Even in the Batang Toru forest, North Sumatra, there were 155 species of trees found within only 0.28 ha plot (Sambas, Siregar 2017) . The richness of tree species increases when the extent of sample plots is expanded. The dipterocarp lowland forest plots in Samboja East Kalimantan contained 441 tree species in 5 ha plot and increased to 550 species when the plot was expanded to 10.5 ha (Kartawinata 2010) .
Various studies showed that in Sulawesi, the richness of tree species in the 0.5 ha plot only ranges 40-60 species (Mansur 2005; Purwaningsih 2006) . Several other studies used a separate plot method with a total area of less than 1 ha, the number of species recorded only 45-98 tree species (Purwaningsih and Yusuf 2005; Irawan 2011; Suryawan et al. 2013; Rukmi 2014) . Another study in Bogani Nani Wartabone National Park recorded 132 species of trees in four separate plots with total area of 0.86 ha. However, if each plots is sampled separately with an area of 0.20-0.26 ha, there were only 33-61 tree species found per plot (Polosakan and Siregar 2001) . The methodology and size of the sample plot influence number of species recorded (Sambas and Siregar 2017) . Generally, separating plots with a wider size of the sampled area can increase species richness. This is because habitat variations in separate plots tend to be larger than single plot since tropical forests are known to vary greatly from place to place . The ability of species to occupy an area depends on its ability to adapt optimally to abiotic and biotic factors (Krebs 1994) . Besides phenology, dispersal and mortality also influence the structure and composition of vegetation (Kimmins 1987) .
The area of research plots in Kalimantan and Sumatra is far greater than in Sulawesi. This bias will affect the number of species obtained, yet comparing the structure of vegetation is still beneficial. The results of previous studies at 10 locations in Sulawesi (Mansur 2005; Purwaningsih and Yusuf 2005; Purwaningsih 2006; Suryawan et al. 2013; Wahyuni and Mokodompit 2016) . In Sumatra, research results from 7 locations (Abdulhadi et al. 1989; Sambas and Siregar 1999; Kartawinata et al. 2004; Siregar 1999, 2004; Samsoedin and Heriyanto 2010) show that tree densities range from 453 to687 ha -1 trees with an average of 556 ha -1 trees, while the range of basal area are 22. (Mani and Parthasarathy 2009 ). Disturbances to forests such as logging and fires can reduce the population and basal area and ultimately reduce species richness (Simbolon 2005 , Gibson et al. 2011 .
The patches of forest in the studied areas are quite susceptible to disturbances, especially in Bukaka, Lambak, Soyowan and Basaan, as they are surrounded by agricultural areas, mixed gardens and settlements. Soyowan forest, which has low tree density and basal area, seems to face more severe threat because of its location close to settlement. In this forest, there is H. longipetiolata which is classified as vulnerable to extinction (Vulnerable D2 ver 2.3) based on the IUCN red list (IUCN 2018). Bukaka also faces the same problem. Although it is relatively far from settlement, the location is on the side of road and side by side with people's gardens, causing risk for disturbance. In Bukaka, there is endangered species L. dilleniifolia (Endangered B1 + 2ce ver 2.3) based on the IUCN red list (IUCN 2018). Lambak forest is relatively far from settlement, but it is surrounded by people's gardens. Despite vulnerable to disturbances, condition of Lambak forest is still relatively good in terms of the tree density and basal area. There are two species of trees categorized as vulnerable to extinction (Vulnerable A1c ver 2.3), namely A. cumingiana and Saurauia leucocarpa. In Basaan, the location is the closest to settlement and on the edge of provincial road, but it is relatively protected. This is due to the condition of rocky land (limestone) with thin soil solum which is not suitable for agriculture. In addition, Basaan forest also contains springs that are widely used by the community. No endangered tree species is found in Basaan. Tree density in Garini is relatively low, but it has large basal area. Garini forest seems to be in climax stage with emergent trees up to 35 m tall including B. racemose, C. odorata, D. dao and O. sumatrana. Forest conditions are still very good without any traces of logging. There is one species of Dipterocarpaceae, namely P. malaanonan which is under endangered category (Critically Endangered A1cd ver 2.3) based on the IUCN red list (IUCN 2018). Need to be aware, considering that on the edge of the forest there is a simple camp with wood piles that shows logging activities have begun to penetrate into this area.
It can be concluded that the patches of forest studied have relatively large variations in tree species and are thought to be a result of geological variations. Wealth of tree species is lower than forest plots in the West Malesia region (Kalimantan and Sumatra), but the vegetation structure reflected in the density of individuals and their basal area is relatively not much different. The variation is greatly influenced by the level of disturbance in the forest. The patches of forest were recorded as still containing tree species classified as endangered based on the IUCN red list.
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